simple viscoelastic fluids [12, 13] , Criminale-Ericksen-Fibley viscoelastic fluids [14] , JohnsonSegalman rheological fluids [15] , Bingham yield stress fluids [16] , second grade (Reiner-Rivlin) viscoselastic fluids [17] third grade viscoelastic fluids [18] , micropolar fluids [19] and bi-viscosity rheological fluids [20] . Viscoelastic properties can enhance or depress heat transfer rates, depending upon the kinematic characteristics of the flow field under consideration and the direction of heat transfer [21] . The Walters-B viscoelastic model [21] was developed to simulate viscous fluids possessing short memory elastic effects and can simulate accurately many complex polymeric, biotechnological and tribological fluids. The Walters-B model has therefore been studied extensively in many flow problems. Soundalegkar and Puri [22] presented one of the first mathematical investigations for such a fluid considering the oscillatory two-dimensional viscoelastic flow along an infinite porous wall, showing that an increase in the Walters elasticity parameter and the frequency parameter reduces the phase of the skin-friction. Rath and Bastia [23] used a perturbation method to analyze the steady flow and heat transfer of Walters-B model viscoelastic liquid between two parallel uniformly porous disks rotating about a common axis, showing that drag is enhanced with suction but reduced with injection and that heat transfer rate is accentuated with a rise in wall suction or injection.
Roy and Chaudhury [24] investigated heat transfer in Walters-B viscoelastic flow along a plane wall with periodic suction using a perturbation method including viscous dissipation effects. Raptis and Takhar [25] studied flat plate thermal convection boundary layer flow of a Walters-B fluid using numerical shooting quadrature. Chang et al [26] analyzed the unsteady buoyancy-driven flow and species diffusion in a Walters-B viscoelastic flow along a vertical plate with transpiration effects. They showed that the flow is accelerated with a rise in viscoelasticity parameter with both time and distances close to the plate surface and that increasing Schmidt number suppresses both velocity and concentration in time whereas increasing species Grashof number (buoyancy parameter) accelerates flow through time. Nanousis [27] used a Laplace transform method to study the transient rotating hydromagnetic Walters-B viscoelastic flow regime. Hydrodynamic stability studies of Walters-B viscoelastic fluids were communicated by Sharma and Rana [28] for the rotating porous media suspension regime and by Sharma et al [29] for Rayleigh-Taylor flow in a porous medium. Chaudhary and Jain [30] studied the Hall current and cross-flow effects on free and forced Walters-B viscoelastic convection flow with thermal radiative flux effects. Mahapatra et al [31] examined the steady twodimensional stagnation-point flow of a Walters-B fluid along a flat deformable stretching surface.
They found that a boundary layer is generated formed when the inviscid free-stream velocity exceeds the stretching velocity of the surface and the flow is accelerated with increasing magnetic field. This study also identified the presence of an inverted boundary layer when the surface stretching velocity exceeds the velocity of the free stream and showed that for this scenario the flow is decelerated with increasing magnetic field. Veena et al [32] employed a perturbation and series expansion method and Kummer's functions to study two cases-prescribed power law surface temperature and prescribed power law surface heat flux. They showed that an increase in viscoelasticity increases surface shear stresses. Rajagopal et al [33] obtained exact solutions for the combined nonsimilar hydromagnetic flow, heat, and mass transfer phenomena in a conducting viscoelastic Walters-B fluid percolating a porous regime adjacent to a stretching sheet with heat generation, viscous dissipation and wall mass flux effects, using confluent hypergeometric functions for different thermal boundary conditions at the wall.
Steady free convection heat and mass transfer flow of an incompressible viscous fluid past an infinite or semi-infinite vertical plate is studied since long because of its technological importance.
Pohlhausen [34] , Somers [35] and Mathers et al. [36] were the first to study it for a flow past a semiinfinite vertical plate by different methods. But the first systematic study of mass transfer effects on free convection flow past a semi-infinite vertical plate was presented by Gebhart and pera [37] who presented a similarity solution to this problem and introduced a parameter N which is a measure of relative importance of chemical and thermal diffusion causing a density difference that drives the flow.
Soundalgekar and Ganesan [38] This rheological model is very versatile and robust and provides a relatively simple mathematical formulation which is easily incorporated into boundary layer theory for engineering applications [24, 25] .
MATHEMATICAL MODEL:
An unsteady two-dimensional laminar free convective flow of a viscoelastic fluid past a semiinfinite vertical plate is considered. The x-axis is taken along the plate in the upward direction and the y-axis is taken normal to it. The physical model is shown in Fig.1a .
Initially, it is assumed that the plate and the fluid are at the same temperature ∞ ′ T and concentration 
The initial and boundary conditions are
where u , v are velocity components in x , y directions respectively, t′ -the time, g -the acceleration due to gravity, β -the volumetric coefficient of thermal expansion, On introducing the following non-dimensional quantities
Equations (6), (7), (8), (9) and (10) are reduced to the following non-dimensional form
1 Pr
The corresponding initial and boundary conditions are
where Gr is the thermal Grashof number, Pr -the fluid Prandtl number, Sc -the Schmidt number and N -the buoyancy ratio parameter.
To obtain an estimate of flow dynamics at the barrier boundary, we also define several important rate functions at Y=0. These are the dimensionless wall shear stress function, i.e. local skin friction function, the local Nusselt number (dimensionless temperature gradient) and the local Sherwood number (dimensionless species, i.e. contaminant transfer gradient) are computed with the following mathematical expressions:
We note that the dimensionless model defined by Eqns. (12) to (15) 
under conditions (16) reduces to
Newtonian flow in the case of vanishing viscoelasticity i.e. when Γ → 0.
NUMERICAL SOLUTION:
In order to solve these unsteady, non-linear coupled equations (12) to (15) and it tends to zero as , t X ∆ ∆ and Y ∆ tend to zero. Hence the scheme is compatible. The scheme is unconditionally stable as explained by Prasad et al. [42] . Stability and compatibility ensures convergence.
RESULTS AND DISCUSSION:
In order to ascertain the accuracy of the numerical results, the present study is compared with the previous study. The velocity profiles for Sc = 0. (13) is de-coupled from the species diffusion (concentration) boundary layer equation (15) . Thermal buoyancy does not vanish in the momentum equation (13) All profiles then descend smoothly to zero in the free stream. With higher Sc values the gradient of velocity profiles is lesser prior to the peak velocity but greater after the peak. An increase in time, t, is found to accelerate the flow. Figure 6b shows that a rise in Sc strongly suppresses concentration levels in the boundary layer regime. Sc defines the ratio of momentum diffusivity (ν) to molecular diffusivity (D). For Sc < 1, species will diffuse much faster than momentum so that maximum concentrations will be associated with this case (Sc = 0.1). For Sc > 1, momentum will diffuse faster than species causing progressively lower concentration values. All profiles decay monotonically from the plate surface gradients of the profiles are also found to diverge with increasing X values. However an increase in time, t, serves to reduce local Sherwood numbers.
CONCLUSIONS:
A two-dimensional, unsteady laminar incompressible boundary layer model has been 
